Principal training systems used for apple trees in Quebec:
A slender bell or slender spindle B oblique palmette B spindle" system is being used.
In the first case, the leading shoot must be attached to a good-sized stake or raised on wire support, otherwise the weight of the crop will soon cause it to bend and break (PI. II,
At the Frelighsburg experimental sub-station, the "slender bell" method has encouraged heavier and earlier fruit production than the other training systems (Table 1) . Our current tests appear to indicate the need for a stake or point of attachment to support dwarf and sometimes even semi-dwarf trees, which, under our climatic conditions, have a strong tendency to bend when the soil softens during the spring thaw (PI. II, fig f) .
The same phenomenon may also occur during the summer, as a result of wind, rain or the weight of a crop which is poorly distributed around the central axis. This is why, as shown in table 1, "free-standing" apple trees show reduced production as compared to "slender bell" and "oblique palmette" trees.
Since apple trees trained by the "Van Roechoudt palmette" system must be severely pruned in their 2nd and 3rd seasons, it is difficult to compare them to other apple trees in terms of production. a Non-significant difference (at the 5% level) form data followed by the same letter. **
In this text, density will be described as high (2960 trees/ha), medium (1480 trees/ha) or low (740 trees/ha).
In Quebec, since the weight of snow and ice tend to break the lower branches of dwarf or semi-dwarf trees, it is often important to attach the lateral branches of these fruit trees to a central support or wire (PI. II, fig e) . The commonest training system for pear, plum and cherry trees is the "free-standing" or "bell" tree, normally without any form of support.
The espaliered forms used in British Columbia for the 'Anjou' pear do not yet exist in Quebec. Similarly, the system of training strong lateral branches on sour cherry trees for easier mechanized picking is not yet in use on Quebec. While some fruit growers have trained their plum trees into the "goblet" shape, the most common and the most practical forms for the plum tree in Quebec remain the "free-standing" tree and the "bell" free.
Rootstoaks
Given present economic conditions, it is essential that fruit production costs be reduced. With regard to apples, Dr. Ronald Tukey (1971) There it proved to be cold-sensitive (Davis et at. , 1948). In Russia, too, it is considered non-hardy (Margolin, 1951 and Smirnov, 1960) . In Quebec, 'Mailing 9', cultivated on turfed land near Macdonald College, has survived our winters for at least 22 years (Taper, 1979 that is, "free-standing", "oblique palmette" and "Van Roechoudt palmette" trees, they also produce their optimum yield per tree at high density.
These densities are 2960 and 1480 trees per hectare for the "slender bell" and "oblique palmette" systems respectively, and 1480 and 740 trees per hectare for the "Van Roechoudt palmette" and "free-growing" systems.
In recent years, some of our apple growers have found that the new virusfree 'Mailing 9' is too vigorous and not as productive as the older specimens which were subject to virus diseases. It has also been noted that, under our very humid climatic conditions, 'Mailing 9' tends to form aerial root galls, known in English as burr knots; there galls interfere with normal sap circulation and leave the tree more vulnerable to cold and to certain diseases (PI. II, fig d) . (Table 3) . fig d) . To counter this tendency, the exposed portion of 'Mailing 26' may be brushed with a 1 % solution of naphthaleneacetic acid (NAA) . This solution may be mixed with a small quantity of white Latex-type paint. It is important to treat the galls as soon as they appear, or they will form large patches which will interfere with the circulation of the sap.
It is also totally inadvisable to use poorly perforated mouse guards around the trunks, since they help to keep the crown and aerial base of the tree in an atmosphere of constant humidity, which promotes the formation of these galls. It is also important to eliminate tall grass or weeds near the apple trees, since these too maintain a high percentage of humidity at the foot of the trees. If it is necessary to use protectors against field voles, it is therefore wise to (Table 4) .
It should be noted that too high a density (regardless of the training system adopted) is likely to reduce the vigour of apple trees on 'Ottawa 3' (Table 4 ).
In general, medium densities (all training systems combined) allow 'Ottawa 3' to achieve its optimum physiological equilibrium. It attains its maximum performance, that is, each individual tree produces its heaviest yield, with the "slender bell" training system and medium density (1480 trees per hectare). However, the highest yields per hectare were obtained when ' Spartan' /' Ottawa 3' trees were planted at high density, even though, under these conditions, the average yield per tree was lower (Tables 6 and 7) . 'Ottawa 3' also appears to be as good a rootstock for the 'Mcintosh' cultivar as for the 'Spartan' cultivar, whereas both 'Mailing 26' and 'Mailing 9' proved less satisfactory as rootstocks for 'Mcintosh' than for 'Spartan' (Table 3) . However, without irrigation and chemical thinning, 'Mcintosh' /' Ottawa 3' and 'Spartan'/ 'Ottawa 3' trees tend to produce rather small apples ( have had low yields of from 20 304 to 38 394 kg/ha (average for the two years and three cultivars combined) but the fruit was of excellent quality. 15 At low density, per-hectare yields of apple trees grafted onto 'Malus vobusta 5' have been slightly higher than those of trees grafted onto 'Mailing 7', at 18 770 as opposed to 18 246 kg/ha. However, at maximum density, the yields of cultivars on 'Mailing 7' have been superior to those of cultivars on ' Malus vobusta 5', the difference being in the range of 1 778 kg/ha in favour of 'Mailing 7' for the 9th and 10th seasons combined.
More recent observations at the Frelighsburg sub-station have shown that, of the 4 rootstocks tested, 'Mailing 7' has produced the lowest yields at both high and low density, except with 'Mcintosh', which, when grafted onto 'Mailing 7', produced more apples than when grafted onto 'Mailing 9' or 'Mailing 26' (Tables 2 and 3) . 'Mailing 7' thus appears to be better adapted to 'Mcintosh' than 'Mailing 9' or 'Mailing 26' (Table 3 ). We have observed that the training system best suited to 'Mailing 7' is the "slender bell" and that, even with this rootstock, it is important to support the trees; otherwise, yields decline (Tables 6 and 7) . Finally, 'Mailing 7' has proven more vigorous than the other four rootstocks and has produced the largest fruit (Tables 4 and 5) . Mailing 7 has a taproot system, rather than a running root system as is the case with the other three rootstocks discussed. As a result, it may, at least under certain conditions (partial freezing of its roots, etc.), suffer from a potassium deficiency. In addition, it has a strong tendency to produce suckers and it has proven very sensitive to crown gall (Agvohaaterium tumefaciens) (PI. Ill, fig h) . While the use of this rootstock may seem to be an easy solution to many apple growers in Quebec.
Economic aspects
Although it is still too early in Quebec to be able to evaluate the profitability of various forms of fruit trees cultivated at given densities, the preliminary results obtained in our experimental plots and by avant-garde producers show promising results. Moreover, Fisher (1969) in British Columbia, Norton (1971) in the State of New York and Hutchinson (1976) and Miller (1976) in Ontario have reported that, even in America, high-density orchards were more profitable than conventional orchards.
Of course, according to the same researchers, excessively dense plantings are no more profitable than those which are not dense enough.
For apple trees, the results from our experimental plots at Frelighsburg show that for the year 1979 (4th season) the "slender bell" training system with high-density planting was the most profitable combination (profit of 2 042,50 $ per hectare). It was followed by the "oblique palmette" system at high density (profit 1 457 $ per hectare).
It is difficult to predict, from the data currently available to us, when our apple trees will reach the break-even point. We anticipate that, as the rate they are progressing and with the best possible combination, that is, 'Mcintosh' or 'Spartan' on 'Ottawa 3', planted at high density with the slender bell system, by the 6 th season we shall completely cancel out the initial debt of 16 342 $ per hectare which it cost to establish and maintain this system to 1979. In short, production from these trees will have to rise from 9220 kg/ha to approximately 40 000 kg/ha in 1981.
Certainly, the free-growing trees have been the cheapest to establish and maintain, but it does not appear that they will be the most profitable.
Some apple growers using the "slender bell" system and high-density
planting have informed us that their apple trees have reached the breakeven point in their 6th season. Some, according to our crop estimates, have produced, with their fifthand sixth-season dwarf apple trees, between 30 000 and 45 000 kg/ha from "slender-bell" ' Spartan ', 'Mcintosh' , 'Lobo' and 'Red Delicious' cultivars planted at 2 000 to 3 000 trees per hectare. At this rate, if it is true that the Quebec apple grower must produce 20 000 bushels of apples in 1980 in order to earn a satisfactory income, he would need only 20 acres (8,1 hectares) of "slender bell" apple trees planted at high density to earn such an income by the 6 th or 7th season.
As regards Quebec's production of pears, plums and cherries, our production volume has been so low, at least in recent decades, that statistical surveys do not even mention these crops. However, in 1976, per capita consumption in Quebec was 7.2 lbs of pears, 2.2 lbs of plums and 1.9 lbs of cherries (sweet and sour), as compared to 41 lbs of apples. Our market could thus absorb a good volume of locally produced pears, plums and cherries, provided the fruit is of satisfactory quality.
Under our climatic conditions, the pear cultivars which could supply the local market with fruit which is competitive in terms of production and quality (PI. Ill, figs.b, c and d) are 'Clapp's Favourite', 'Flemish Beauty', 'Beurree d'Anjou' and 'Miney'. While 'Bartlett' is a better known cultivar in this province, it is a much more uncertain crop since the tree is sensitive to freezing and to bacterial fire blight.
As regards plums, the hardy cultivars most likely to find buyers on the local market are 'Mount Royal', 'Reine Claude de Montmorency' and 'Damas Bleue'*. Many other cultivars could become commercially acceptable since they have produced good yields and quality fruit in Quebec (PI. Ill, figs e, f and g) . A bulletin on plum growing in Quebec is currently being prepared at the Saint-Jean Research Station; it will contain further information on this subject.
We are still far from commercial production of sweet and sour cherries since these crops, particularly sweet cherries, are very marginal. However, the production of sour cherries could be intensified in the These types correspond more or less to those described by Mr. Lespinasse.
Because of the way in which the fruit spurs are arranged in the branches of each type of tree, they require four different types of orchard management (pruning and training) . Q. In Quebec, is it more important to drain orchard soils for dwarf apple trees than for standard size trees ?
A. Because of the heavy precipitation in the form of snow and rain, it is absolutely essential to provide good drainage for orchard soils in Quebec and particularly for dwarf apple trees, since with these trees the damage potential from successive freezing and thawing of the roots of the tree is a much greater problem when the soil is waterlogged.
Since dwarf apple trees have a relatively shallow and undeveloped root system, they are often more subject to root asphyxiation as a result of excess surface water (PI. II, r ig. a) .
Q. Is it necessary to irrigate dwarf apple trees ?
A. Apple orchards in Quebec receive heavy precipitation each year but unfortunately this precipitation is not uniformly distributed. As a result, in the great majority of cases, irrigation is necessary, at least during the first few years; the root system of young apple trees is undeveloped and incapable of locating the soil water reserves, which, during dry periods, may be fairly deep. It is important to note that the physiological balance of a dwarf apple tree is much easier to maintain when irrigation is used, and therefore the trees bear sooner and more heavily. In addition, some new cultivars, such as 'Spartan', 'Empire' and 'Red Haralson', require the use of an irrigation system if they are to produce large fruit (PI. II, fig. b ).
Q. Should we avoid planting dwarf apple trees because, in our climate, the branches of the young trees are often cracked or broken by ice, snow and freezing rain ?
A. Certainly branch damage by ice, snow and freezing rain is a problem in Quebec but, in general, it is not very extensive. Then too, even standard apple trees, when they are young, can be damaged by ice, snow and freezing rain. To avoid this difficulty, it is a good idea to use good supports or a strong bracing system. Trees with little or no support are much more seriously affected by this kind of mechanical damage. A careful apple grower, when a thaw occurs during the winter, will clear any soft snow from the branches of the apple trees. Once this snow has hardened, it is impossible to free the branches.
In addition, when the melting snow freezes, it puts a great deal of pressure on the branches at the crotch. Another phenomenon may also occur in the spring when the snow melts, leaving an empty space below the layer of ice which surrounds the branches of the apple tree. When this happens, the weight of the ice, which does not melt as quickly as the snow, may cause the branches to bend and crack (PI. II, fig. e ).
Q. Is damage caused by field voles and deer more of a problem with dwarf apple trees ?
A. Given the high density and small size of apple trees in new plantings, they are certainly much more vulnerable to damage from these two pests It is therefore important to protect the apple trees from them. fig.d ).
More details on burr knots were given previously in the section dealing with 'Mailing 26'.
Q. Is the south west injury a problem with young dwarf apple trees in Quebec ?
The south west injury or 'sunscald' is often a very serious problem with young apple trees in Quebec. To prevent this difficulty, we advise placing the supports on the southwest side of the tree during planting, or painting the trunk of the apple tree with a mixture of exterior white latex-type paint diluted with 2 quarts of water per gallon, to which 2 lbs of Thiram (75 % WP) in the form of absorbent powder have been added. The Thiram acts as a repellent against field mice (field voles) . Q. What are the most common deficiencies affecting young dwarf apple trees in Quebec ?
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A. The south west injure or ' sunscald' is often a very serious problem with young apple trees in Quebec. To prevent this difficulty, we advise placing the supports on the southwest side of the tree during planting, or painting the trunk of the apple tree with a mixture of interior or exterior white latex-type paint of the lower quality grade diluted with 2 quarts of water per gallon, to which 2 lbs of Thiram (75% W.P.) in the form of absorbent powder have been added. The Thiram acts as a repellent against field mice (field voles 
